Abstract: The porphocyanine nucleus contains six nitrogen atoms, four of which are theoretically capable of accepting a proton in acidic solution. However, only the monoprotonated and diprotonated forms have been observed. These two forms were characterized by their visible and fluorescence spectra. pKa values of 6.0 ± 0.1 and 4.4 ± 0.1 were determined by spectrophotometric titration. The monoprotonated monocationic form can be observed in methanol. We recently communicated the synthesis and characterization of a new class of tetrapyrrolic macrocycles, porphocyanines 1 (1-3), and showed that these compounds were capable of catalyzing the photosensitized oxidation of cholesterol (3). They are potential photo sensitizers for photodynamic therapy for cancer treatment because they offer long-wavelength absorption between 795 and 810 nm in their free base form, which would in principle confer superior tissue penetration to visible light than is the case with existing drugs. It is important to know the nature of the ionic species of a photosensitizer in solution as a function of pH (4), since it is known that the longest wavelength absorption and fluorescence emission are affected by protonation of the porphocyanine nucleus, which contains four potential sites for protonation. Furthermore, protonation of porphocyanine might effect biodistribution of the photosensitizer in vivo (4-7) Finally, the pKa data of porphocyanines are valuable in understanding the reactivity and aromaticity of this new macrocycle.
We recently communicated the synthesis and characterization of a new class of tetrapyrrolic macrocycles, porphocyanines 1 (1) (2) (3) , and showed that these compounds were capable of catalyzing the photosensitized oxidation of cholesterol (3) . They are potential photo sensitizers for photodynamic therapy for cancer treatment because they offer long-wavelength absorption between 795 and 810 nm in their free base form, which would in principle confer superior tissue penetration to visible light than is the case with existing drugs. It is important to know the nature of the ionic species of a photosensitizer in solution as a function of pH (4) , since it is known that the longest wavelength absorption and fluorescence emission are affected by protonation of the porphocyanine nucleus, which contains four potential sites for protonation. Furthermore, protonation of porphocyanine might effect biodistribution of the photosensitizer in vivo (4-7) Finally, the pKa data of porphocyanines are valuable in understanding the reactivity and aromaticity of this new macrocycle.
It is of interest to compare the protonation properties of the porphocyanine with those of porphyrin (2), azaporphyrin (3), sapphyrin (4), and phthalocyanine (5). Several techniques have been used in the measurement of pKa values of porphyrins and related compounds taking account of their poor solubility in water, i.e., potentiometric titration in glacial acetic acid, and spectrophotometric titration in nitrobenzene and in aqueous detergent solutions (7) (8) (9) . The pKa value of sapphyrin was, however, recently estimated using a spectrophotometric method in a biphasic system (10). Octaethylporphocyanine (H 2 P) was prepared according to the procedure described previously (I) and was dissolved in dichloromethane. The absorbance changes at specific wavelengths were monitored upon mixing a CH 2 Ci 2 solution of octaethylporphocyanine (3.5 x W-4 M) and a pH-adjusted aqueous NaCi solution ([Cntotal = 0.1 M). Electronic spectra were recorded on a Hew lett-Packard 8452A diode array spectrophotometer. The pH values were recorded on a Fisher Accumet pH meter model 210 with a glass combination electrode (Fisher Scientific). The pH meter was calibrated at 25°C with standard buffer solutions for pH 4.00 and 7.00 prior to the pH measurements. Fluorescence emission spectra were measured on an Aminco Bowman Series 2 luminescence spectrometer using a flash lamp as the excitation source. Solutions of porphocyanine were handled under dim light to avoid photodegradation.
Results and discussion
Because of the poor water solubility of octaethylporphocyanine, we attempted to solubilize the material in 2.5% sodium dodecyl sulphate (SDS) solution in order to obtain the pKa values in a solvent system that simulates the experimental conditions used in our photodynamic bioassay experiments (liposomal formulations). The solubility of octaethylporphocyanine can be enhanced by addition of 0.1 N HCl solution but, unfortunately, the amount of octaethylporphocyanine that went into the detergent solution was still insufficient to allow a meaningful analysis of the spectral changes in the regions of interest. Moreover, octaethylporphocyanine was found to behave differently in 2.5% SDS solution and organic solvents.
In SDS solution only the dication was observed between pH 2 and 5 and, as the pH increased, the 748 nm band (of the dication) decreased and eventually disappeared with no formation of new bands. That is, neither the monocation nor free base were observed in SDS solution even though octaethylporphocyanine exhibits very distinct absorption bands for both the dication and free base in dichloromethane, with their longest wavelength bands appearing more than 50 nm apart. Thus we employed a biphasic spectrophotometric titration method previously used for estimating the pK;s of sapphyrin 4 (0). In the aqueous dichloromethane system, octaethylporphocyanine was well behaved as a function of [H+] . At low pH (below 4), two isosbestic points were observed at 729 and 754 nm in the 720-820 nm region ( Fig. 1 ), indicating that within this pH range only two species, dication and monocation, are dominant. At high pH (above 6), two isosbestic points were also obtained, at 732 and 778 nm (Fig. 2) , indicating that within this pH range only monocation and free base are present in significant concentrations. The fluorescence emission spectra of the different forms of octaethylporphocyanine were recorded; three species fluoresce, at 751, 764, and 802 nm, respectively. At low pH, only two peaks (751 and 764 nm) were observed in the fluorescence emission spectrum, consistent with the isosbestic points seen in the optical absorption spectrum (Fig. 1) , whereas at high pH, two peaks (764 and 802 nm) were observed, consistent with the isosbestic points in Fig. 2 . It was clear that throughout the titration there were only three species, free base, monocation, and dication, present in solution. Two equivalents of HCl will proton ate the free base to give the spectrum of the dication, which remains the same upon addition offurther equivalents of acids (eqs. [1] and [2] ).
The dication spectrum remains unchanged even in the concentrated H 2 S0 4 , It is well known in the literature that the protonation of phthalocyanine (5) occurs at the me thine azo groups rather than in the centre of the molecule (I 1). Very little is known about the protonation behavior of azaporphyrins (3) (see ref. 11, p. 75, and ref. 12). However, it was shown previously that protonation of the internal nitrogen in azaetioporphyrin preceded the protonation of the methine bridging nitrogen that had an estimated pK value of ca. -3.3 (13) . Despite the fact that porphocyanine contains two imine link- wavelength (nm)
ages in the macrocycle, we believe that it behaves more like azaporphyrin than phthalocyanine. Protonations of porphocyanine have thus been assigned to the inner pyrrolinene nitrogens (Scheme 1) and further proton at ion of imine nitrogen was not observed even in concentrated sulphuric acid. The Scheme 1.
weak basicity of the imine nitrogens was also reflected in the inability of these atoms to coordinate with zinc (1). Using the absorbance changes at high pH at 798 nm from Fig. 2 , K3 could be obtained from the following eq. [3] (14) [3]
where Ao and AI are the absorbances of the pure free base and pure monocation of the octaethylporphocyanine at 798 nm, and A is that of a mixture of monocation and free base at this specific wavelength. The data for the pH values and absorbances necessary for the calculation of K3 are given in Table 1 . The value of K3 was calculated from the linear relationship between l/(Ao -A) and 1/[W] to be approximately (1.1 :::' :: 0.1) X W--6, corresponding to a pK3 of 6.0 :::' :: 0.1 (Fig. 3) . The absorbance and [H+] relationship for the calculation of K4 can be easily derived as follows:
[4]
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where A~ and A2 are the absorbances of the dication and monocation forms of octaethylporphocyanine at 748 nm, and A is that of a mixture of monocation and dication at this specific wavelength. Using the absorbance changes from Fig. 1 at low pH at 748 nm (Table 2) , K4 can be obtained from the linear relationship between l/(A~ -A) and [W] (Fig. 4) according to eq. [4] . K4 was found to be -(4.2 :::' :: 0.1) x W-5 , corresponding to a pK4 of 4.4 :::' :: 0.1.
A distribution diagram was calculated based on the pK values determined here (Fig. 5) . It is clear that the concentration of free base is insignificant below pH 4.0 and that the concentration of dication is negligible above pH 6. Thus the spectrum of monocation in dichloromethane was obtained by subtracting the spectrum of free base from the actual spectrum at pH 6.1. The longest visible absorptions for the three individual species appear distinctly at 748, 760, and 798 nm, respectively. This calculated spectrum of the monocation was found to be the same as the spectrum obtained in methanol. Normally porphyrins form dications on treatment with acids and the intermediate monocationic species are rarely present by Table 2 to determine the K4 from eq. [4] . (15) and spectral investigation of this monocationic species (16) and that of a tetraphenylporphyrin derivative (17) are among the few such examples in the literature. The fact that octaethylporphocyanine exists as a monocation in a polar organic solvent like methanol indicates that the stability of the monocationic form may result from a nondistorted structure. Distortion of monocationic forms in both tetraphenylporphyrin and octaalkylporphyrin may explain why monocations are rarely observed. In the case of porphyrins the second protonation is normally easier than the first, and only under special conditions can the monocations be observed (8, 18) . Porphocyanine, on the other hand, does not seem to need to distort to accommodate a proton, as is seen in the X-ray crystal structure of the zinc derivative where two protons are easily accommodated by two adjacent pyrroles without any distortion from planarity (1). This could, at least in part, be attributed to the observation of a single monocationic species in methanol. It is worth noting that in methanol, addition of HCl led to the formation of dication but addition of NaOH bleached the compound. Thus the free base spectra in methanol was obtained in the presence of triethylamine. In acetic acid, octaethylporphocyanine is present as the dication whereas octaethylporphyrin exists as the monocationic form (13) . The optical spectra of free base, monocation, and dication of octaethylporphocyanine in methanol are presented in Fig. 6 . The pK3 and pK4 values of octaethylporphyrin were determined to be 6.1 and 4.6 in nitrobenzene-HCl0 4 (19) . It is difficult to make a comparison between data determined by different methods; however, we tentatively draw the conclusion that the protonation behavior of porphocyanine is similar to that of porphyrins, with pK3 and pK4 differing by about two pK units. We feel that the only proper comparison can be made between porphyocyanine 1 and sapphyin 4 where pKa values were measured under similar conditions. Octaethylporphocyanine is much less basic than 3,8,12,13, 17,22-hexaethyl-2,7,18,23-tetramethylsapphyrin with pK3 and pK4 values of 9.5 and 3.5 (10) . Attempts by us to determine the pK's of octaethylporphyrin in the same biphasic solvent system were uns uccessful.
